Morpholine fungcides have certain antibacterial side effect, dodemorph being the most active among them. The diequatorial (cis-) form of dodemorph expressed higher antibacterial activity than the axial-equatorial (trans-) form, and no synergy in their joint action could be revealed in this respect. Moreover, the partition of diastereomers between cells and medium strictly correlated to their toxicity. Considerable differences were detected among degradation rates in various bacteria, and the meso-(RS)-diastereomer was deteriorated more intensively, then the trans-(SS and RR)-forms in Corynebacterium betae, Erwinia uredovora and Pseudomonas fluorescens. As a result, the stereospecific degradation of diastereomers changed their ratio in the medium, thus this metabolic step could influence the antifungal performance of dodemorph based preparations against filamentous fungi. It was demonstrated that due to synergic joint action, the fungistatic effect of morpholine derivatives noticeably increased against Botrytis cinerea by changing the ratio of diastereomers.
Materials and Methods

Compounds and Microbes Tested
Marketed products, Calixin 75 ec (tridemorph, CASN: 24602-86-6), Corbel 75 ec (fenpropimorph, CASN: 67564-91-4) and Meltatox 40 ec (dodemorph, CASN: 1593-77-7) as well as their active substances were used for testing antimicrobial activities. The analytical standards were gifted by producer (BASF, Ludwigshafen, BRD).
The diastereomers were isolated as follows: Appropriate amount of formulation (4 g of suspected active substance) was added to aqueous sodium carbonate (15% w/v; 100 mL) and the mixture shaken with ethylacetate + cyclohexane (1:1 v/v; 200 mL). The organic phase was removed and treated with active carbon (200 mg) and magnesium sulphate (5 g), then the volume was reduced to 15 mL in rotary evaporator. This mixture was subjected to column chromatography on Kieselgel H, the diastereomers being eluted with dichloroethane + cyclohexanone + ethylacetate + acetone (48 + 50 + 10 + 2 by volume), and were identified by their physicochemical characteristics [10] .
The microbes used in toxicity were of the collection of Plant Protection Institute HAS (WDCM824). Figure 1 . Enanthiomers of dodemorph. ACD ChemScetch 2012 was used as graphic tool for drawing and stereochemical labeling. Only one enanthiomer (RS) exists in the case of cis-(diequatorial)-diastereomer (meso-form) due to inner symmetry at N → O axis in morpholine ring, contrary to trans-(axialequatorial)-form, which has two enanthiomers (SS and RR, respectively).
Toxicity Tests
The bacteria (listed in Table 1 ) were maintained on nutrient agar slants and cultured in nutrient broth containing Bacto peptone, Yeast extract (Difco), glucose and glycerol (10, 1, 3 and 1 g•L −1 , respectively) and KH 2 PO 4 , KCl, MgSO 4 , CaCl 2 , NaCl and Fe 3+ citrate (0.55, 0.425, 0.125. 0.125, 0.1 and 0.005 g•L −1 , respectively). Hoagland Arnon's micoelement solution was also added (1 mL pro 1 L). Solid media were prepared by incorporating agar-agar (Oxoid; 15 g•L −1 ) into this solution.
Standardized bacterial suspensions for minimal inhibitory concentrations (MIC), and "degradation" tests were prepared by washing cells from 20 h old culture on solid medium (5 mL in a tube) with sterile liquid medium (5 mL).
The optical density of the suspensions was determined (520 nm; Unicam SP 800) and water than added to give a final OD 600 of 0.4 -0.5. Such suspensions were prepared for each species tested, and added to wells of multipoint inoculator cooled to 1˚C -4˚C.
Minimum inhibitory concentrations for bacteria were determined by adding the appropriate compound in sterile distilled water to nutrient agar (30 mL; 45˚C), mixing well and dispensing aliquots of the resultant mixture into each of two Petri dishes. These were inculcated with the standard suspension of the appropriate bacteria using a multipoint inoculator. Dishes were incubated (25˚C ± 2˚C) and bacterial growth evaluated after 48 and 96 hours on the scale 1 -4, where 1 represented stimulation, 2 similar to and 3 retardation of growth compared with that on the control and 4 represented no growth. A series of concentration (1000/2 n mg•L −1 , n = 0, 1, 2, ..., 21) were tested.
The fungi, Aspergillus niger van Tiegh., Fusarium graminearum Schwabe, F. oxysporum Schlechtendahl, Chaetomium globosum Kunze, Botrytis cinerea Pers., Thielaviopsis basicola (Berk. & Broome) Ferraris, Rhizoctonia solani Kühn, Trametes versicolor (L.) Lloyd, Pythium irregulare Buisman and Phytophthora cactorum Pethyb. were maintained and cultured on home prepared potato dextrose agar (PDA) slants amended with mineral salts listed above and sodium nitrate (2 g•L −1 ). The broth was prepared from peeled potato tubers (200 g) cut into pieces (approx. 1 × 1 × 1 cm) and cooked in 1 litre of distilled water (20 min) then filtered through a Perlon meshwork (No. 500) and the filtrate was then made up to 1 litre with distilled water.
The fungictoxicity of compounds was characterized by ED 50 values (mg•L −1 ), calculated from radial growth inhibition rates expressed as percentage of control grown on poison free medium. The synergetic character of joint action of diastereomers was tested according to either Colby [14] or Sun [15] . The 
Degradation Experiments
Standard suspension of bacteria (5 mL) was added to nutrient broth (150 mL) in 500 mL Erlenmeyer flask and the whole incubated on a rotary shaker at 24˚C for 22 hours (A tumefaciens, E. uredovora, P. fluorescens and X. vesicatoria) or 44 hours (C. betae). The resulted suspensions were centrifuged (10 min, 9000 g), the pellet washed with sterile medium (without peptone and yeast extract), and the residue weighed. All operations were performed at 0˚C -1˚C, and the medium was adjusted to pH 6.8 prior use. A portion of the cells (500 mg) was added to the medium (25 mL, without peptone and yeast extract) to give the working suspension used for studies of partition coefficient and degradation.
The acetonous stock solution of the appropriate compound (500 μg) as added to the working suspension, mixed well, and the suspension incubated on a rotary shaker at 27˚C ± 1˚C for 5 hours. The suspension was then cooled melting ice bath to 0˚C and centrifuged (10 min, 9000 g) at 0˚C -1˚C. The supernatant and residual bacteria were analyzed separately.
Analytical Techniques
Silufol For determination of the quantity of test compounds in medium of degradation experiments 0.5 mL acetone and 2 mL saturated sodium sulphate containing 5% v/w sodium carbonate was added to the supernatant, which was then extracted with 1.0 mL of cyclohexanone + ethylacetate + toluene (5 + 1 + 5 v/v) and the organic phase used for GC analysis immediately. The degradation rate was calculated from the analytical data as a difference of test substances applied and that in the supernatant and in the bacteria after 5 hours incubation.
The bacterial residue was suspended in distilled water (0.5 mL), then acetone (0.5 mL) added and the mixture kept in boiling water for 3 min. Distilled water saturated with sodium chloride (4 mL) were than added, and the resulting suspension extracted as above. The organic phase was subsequently analyzed by 
GC. The distribution of test chemicals between bacterial cells and medium
Data Treatment
All experiments were carried out at least in triplicates. Student's t was used to evaluate significance of differences between average values, and Fisher's test was applied to reveal impact of alterations in structure of test compounds at P = 5% level.
Results and Discussion
Toxicity
Meltatox proved to be most effective against bacteria surpassing Calixin or
Corbel (Table 1 ). In general, the Gram positive bacteria were essentially more sensitive to morpholine fungicides than Gram negatives. Although, no data are available for the intrinsic activities of formulants, seemingly all test microbes tolerated well the carriers used for preparation as only at high concentrations were revealed minuscule differences between commercial products and their active ingredients. The diastereomers had different toxicities ( Table 1 ). The most effective cis-form seems to be responsible for the toxicity of formulated product, Meltatox 40 ec, Agrobacterium, Erwinia and Pseudomomas spp. The cis-form is also more toxic to Xanthomonas species, while Gram positives exhibited differential sensitivity.
Differential sensitivity was also demonstrated among fungal species investigated in vitro (Table 2) 
Uptake of Diastereomers into Bacterial Cells
Uptake of diastereomers into bacterial cells was very different with the representatives of the five genera tested and seems to be proportional to their sensitivity ( Table 3 ). The trans-form was accumulated much more than the cis-form The medium was acidified during the incubation at species dependent manner. The pH of the bacterium suspensions was 6.8 at the start of incubation, and the degree of ionization was 50 and 28.9 % of cisand trans-diastereomers, respectively. Journal of Agricultural Chemistry and Environment species drops during the incubation from the original 6.8 to 4.1 -5.5. We can suppose the existence of pH gradient (changing during incubation) via medium/outside of mucous capsule to inner side of plasmalemma, which can change the degree of ionization of capsule-cell wall and both diastereomers. In the last case the change of pH in the medium moves the ratio of cationic form from about 25% to 80% -99% in dependence of the species and diastereomeric form concerned (pK b values for cisand trans-forms are 6.66 and 6.29, respectively). As the difference between accumulation of cisand trans-forms much higher than the difference between their ionization in each proper case, we can suppose, that the selective "accumulation" observed was not due to the fact, that the increased ionization upraises the possibility of bounding a cation, so the inverse "lipophilicity" correlation is not an artifact.
Degradation
The quantity of both diastereomers was diminished by bacteria in the incubation system during a 5 hours incubation. This phenomenon we could detect only in case of intact cells. For this we suggest that it is the result of the transformation, character of what we did not investigate, because of the instability of the compounds of degradation, however, the original molecules we could resolve with high degree. This made possible to extract information from the analytical data about degradation as the diminishing of quantity can be calculated, that means, the lack of the total quantity of the substance is an indirect characteristic of the transformation activity in bacteria. Degradation rates in absence of stereospecificity should correspond to the original ratio of diastereomers. (Table 3 ).
This suggests that the degradation in bacteria means detoxification. The transformation systems of investigated bacterial species distinguished the diastereomers in various degrees, unfortunately, we could not determine the possible change of ratios of RR/SS enanthiomers of trans-form. From measured values after 5 hours incubation it can be supposed, that one of them is more rapidly transformed during 5 hrs of incubation because of the absence of transformation rate significantly more than 50% of transformation.
The cis-isomer was significantly more active than the trans one (t C,T = 7.72, p < 0.05), nevertheless, their ratio in commercial product (3C + 2T) resulted synergic effect in the case of numerous fungi ( Table 2 ) that can influence significantly the fungicidal performance of marketed product. The biodegradation not only diminishes the quantity of dodemorph applied, but this stereoselective metabolic process also leads to changes in the ratio of synergicaly interacting diastereomers. Two optimal mixtures with dominating either cisor trans-diastereomers were found as evaluated with B. cinerea (Figure 2 ).
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The growth inhibitory effect of 9:1 and 3:7 cis/trans mixtures did not differed significantly (47.1 ± 2.4 and 45.6% ± 3.2%, respectively, t = 0.74, p > 0.1), and the increase was economically acceptable in both cases. Thus, the most rapid degradation of cis-form as compared to trans-form does not result decreased efficacy of treatment, as the alteration of their ratio of 3:2 to domination of trans-form leads to increase of fungicidal activity, that means, the stereoselective deterioration by bacteria may be presumed as a special type of biactivation.
Similar interaction could be revealed between N-alkyl derivatives as well, and the mixtures of corresponding dodemorph and tridemorph diastereomers also formed synergic compositions.
Future Prospects
The development of molecular design opened possibility to reinvestigate the structure/activity relationships of morpholine derivatives, which have special place among systemic fungicides due to lack of acquired tolerance in populations of target phytopathogens. The main targets in filamentous fungi are in steroid metabolism, however, their antimicrobial activity relates also to inhibition of of active ingredient in the PDA. Lines C and H mark additive effect calculated according to Colby [14] and requested minimum increase in efficacy of mixture requested by re Lemin's case [16] , respectively. I L is the maximum increase in efficacy of mixtures evaluated by Horsfall's model [17] and accepted by US Patent Office as economically approved synergy, while I C is the part of efficacy over additive that does not add significant economic benefit when the two compounds applied in mixture (t C10, C7 + T3 = 0.15, t C5, C3 + T2 = 1.57, t C10, C5 + T5 = 1.36, t C3 + T2 = 0.65, t C10, C1 + T9 = 1.36 < t 0.1 = 2.35), according to decision of Worley et al. [16] .
Example for evaluation expected activity of Meltatox 40 ec (3cis+2trans diastereomers) at 5 mg•L −1 by Colby's model [14] : The expected activity = C + T − (C × T/100) = 24.3 + 1.5 − ((24.3*1.5)/100) = 25.4%, but the measured one was 30.9% that is 5.5% more than the expected. However, this synergic increase in efficacy does not result economic benefit because the cis-form resulted 34.2% inhibition when applied alone. [7] in the case obligate endoparasites. The mechanisms of cell/cell interaction and nutrition of archeas residing in plants are white fields, but these pathogens might be target organisms to morpholine derivatives as phospholipids selectively interact with these compounds [6] . The special advantage of this group is the lack of their accumulation in the environment or in the food chain due to rapid biodegradation of morpholine derivatives.
Conclusion
Interaction between dodemorph disastereomers against bacteria could not be revealed, while the synergic joint action essentially influences the fungitoxic action of the formulated product (Meltatox 40ec) containing their mixture. The stereoselective biodegradation of diastereomers in the case of these compounds is a special type of activation that significantly improves the antifungal performance of dodemorph.
